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ABSTRACT 
 
In view of the outbreak of Severe Acute Respiratory Syndrome (SARS) in early 2003, 
people become more aware of their health and the housing conditions. Over the years, 
numerous studies have attempted to find an association between housing and health. 
Nevertheless, no consensus has arrived at and the potential housing hazards vary 
internationally. In view of the fact that little research with regard to this can be found 
in Hong Kong, it is the aim of this study to explore the risk factors of housing in Hong 
Kong detrimental to respiratory health of the residents. Previous literature is reviewed 
to establish a relationship. In the winter of 2004, health questionnaire was distributed 
to the occupants in Yau Tsim Mong by the Faculty of Architecture, the University of 
Hong Kong to measure their health and the housing conditions. The data, together 
with that from BHHI are used in the analysis. In total, 761 questionnaires are used in 
this study. Among the occupants, 76% perceived or assessed by doctors as having 
respiratory problems. A multiple logistic regression model is developed to investigate 
the risk factors and their significance on respiratory conditions. Sets of parameters 
which measure housing factors, demographic status, lifestyle and socioeconomic 
status are used as independent variables. It is found that building age, air quality, 
dampness and infestation problems are significant housing determinants. A discussion 
on the factors is made in this dissertation. Limitations and areas for further study are 
also suggested.
List of Illustrations 
iv 
LIST OF ILLUSTRATIONS 
 
Tables                                                          Page 
2.1 The sources of pollutants in Hong Kong and their health effects 
 
27 
3.1 Choice of independent variables and their description 
 
48 
4.1 Personal information of participants 
 
52 
4.2 Number of buildings and participants with respective to building age 
 
53 
4.3 Presence of dampness in different building age groups 
 
54 
4.4 Presence of infestation problems in different hygienic conditions  
 
55 
4.5 Cross ventilation in relation to perceived ventilation 
 
59 
4.6 List of independent variables used in the multiple regression analysis 
and the result 
 
61 
4.7 Summary of the statistical model excluding non-significant variables 
 
65 
Figures 
2.1 Conceptual model for housing and health interactions 
 
10 
4.1 Building dampness at different locations of the flats 
 
54 
4.2 Infestation problems perceived by the occupants 
 
55 
4.3 Carpeting inside living rooms/ bedrooms 
 
56 
4.4 Ventilation inside the flat perceived by occupants 
 
58 
4.5 Odour from different sources perceived by occupants 
 
58 
4.6 Air quality in the common area of building perceived by occupants 58 
Contents 
v 
CONTENTS 
 
 Page 
DECLARATION  i 
ACKNOWLEDGEMENT ii 
ABSTRACT iii 
LIST OF ILLUSTRATIONS iv 
CONTENTS v 
 
CHAPTER 1 – INTRODUCTION 
 
1 
1.1. Background 
1.2. Research Questions 
1.3. Objectives 
1.4. Research Significance 
1.5. Organization of the Study 
1 
3 
4 
5 
5 
 
CHAPTER 2 – LITERATURE REVIEW 
 
7 
2.1 Housing and Health 7 
2.1.1 Healthy Housing 
2.1.2 Sick Building Syndromes (SBS) 
2.1.3 Research Approaches in finding the Association 
2.1.4 Difficulties in finding the Relationship 
2.1.5 Review of Past Research 
2.1.6 Confounding Factors in finding the Association 
7 
12 
13 
15 
17 
19 
2.2 Risk housing Factors affecting Respiratory Health 20 
   2.2.1 Building Age 
   2.2.2 Dampness in Housing 
   2.2.3 Indoor Air Quality (IAQ) 
21 
22 
24 
        2.2.3.1 Temperature and Air Humidity  
        2.2.3.2 External Air Pollutants 
        2.2.3.3 Internal Air Pollutants 
        2.2.3.4 Ventilation 
24 
26 
28 
31 
   2.2.4 Vermin 
   2.2.5 Carpeting   
32 
33 
2.3 Building Health and Hygiene Index (BHHI) and Health Questionnaires 34 
 
 
 
 
Contents 
vi 
CHAPTER 3 – HYPOTHESIS AND METHODOLOGY 35 
3.1 Hypothesis 35 
3.2 Methodology 36 
3.2.1 Data Collection 37 
        3.2.1.1 Survey Tools Development 37 
        3.2.1.2 Sample Selection 38 
        3.2.1.3 Realization of the Fieldwork 38 
        3.2.1.4 Data obtained from the Questionnaire and BHHI 40 
   3.2.2 Statistical Model 42 
        3.2.2.1 Multiple Logistic Regression Model 43 
        3.2.2.2 Identification of Dependent and Independent Variables 
              3.2.2.2.1 Dependent Variable 
              3.2.2.2.2 Independent Variables   
44 
44 
44 
        3.2.2.3 Variable Selection and Interpretation 49 
        3.2.2.4 Judging the Fit of a Logistic Regression Model 50 
 
CHAPTER 4 – RESULTS AND DISCUSSION 
 
51 
4.1 A General Overview 51 
   4.1.1 Personal Factors 51 
   4.1.2 Housing Factors 53 
4.2 Multiple Regression Analysis 60 
   4.2.1 Phase 1 – Preliminary Analysis 
        4.2.1.1 Results 
        4.2.1.2 Discussion 
60 
60 
62 
   4.2.2 Phase 2 – Reduced Model Analysis 64 
        4.2.2.1 Results 64 
        4.2.2.2 Discussion 67 
 
CHAPTER 5 – CONCLUSION 
 
71 
5.1 Review of the Study 71 
5.2 Implications 72 
5.3 Limitations of the Study 73 
5.4 Areas of Further Research 73 
 
REFERENCES 
 
75 
 
APPENDICES 
 
86 
Chapter 1                                                                Introduction 
 1
CHAPTER 1 – INTRODUCTION 
 
1.1 Background  
 
Due to the outbreak of Severe Acute Respiratory Syndrome (SARS) in early 2003, the 
community started to be aware of the importance of proper upkeep of buildings. As 
with disease, prevention is better than cure. It is essential that a long-term solution to 
prevent building neglect and decay is found. The SARS report of WHO suggested that 
certain deficiencies in building design and maintenance may have fuelled the wide 
spread of the disease. 
 
It is stated in a public consultation paper that: “For many buildings, in order to 
prolong their useful life, enhance their value and, above all, improve the hygiene and 
living environment for their residents and their neighbours, they have to improve their 
present level of management and maintenance.” (Housing, Planning and Lands 
Bureau 2003) Good property management and maintenance are the foundation for 
ensuring healthy housing conditions. 
 
In addition to the spread of SARS which aroused public concern over the importance 
of a healthy living environment, attention is also drawn to the association that housing 
conditions may have on other communicable diseases and health issues. Numerous 
national research and publications have highlighted that living conditions do have 
influence on the health of occupants. However, today there is no widely shared 
consensus about the nature of the relationship between housing conditions and health 
status.  
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A housing and health symposium arranged by the WHO in June 2001 showed that the 
priority of housing problems varies strongly from country to country. Bonnefoy, 
Braubach, Krapavickaite, Ormandy and Zurlyte (2003) further elaborate that the 
reason is due to the difference in several factors for different countries, for example, 
cultural, social, economic, building, climatic and geographic. As a result, the 
prevalence of specific hazards and hence solutions to reduce the hazards will vary 
internationally. Not much research concerning housing-health linkages, nevertheless, 
has been conducted in Hong Kong.  
 
Concerning health status, it is reported by the Chinese University of Hong Kong in a 
press release in June 2001 that asthma is the commonest chronic childhood disease in 
Hong Kong. Research shows its prevalence was at a rise from 1989 to 1995. 1 
 
Other respiratory illnesses like allergies and Tuberculosis, etc. are also not rare in 
Hong Kong. Housing factors such as dampness, indoor air quality and infestations are 
identified by some studies to have influence on respiratory health and greatly intensify 
susceptibility to asthma, allergies, and other respiratory illnesses (Evans, et al., 2000; 
Anderson, Austin, Burr, Harkins, et al. 1999; Nakai , Neas, Spengler, et al. 1994; 
Ranson, 1991). Air pollution has long been a major concern in Hong Kong. The Hong 
Kong Lung Foundation 2 advocates that “air pollution means premature death for 
several thousand of people in Hong Kong each year”. People living in areas with 
heavy traffic are groups identified to have more chest problems or have the problems  
worsened. It is found that in Mong Kok, the level of respirable suspended particulates 
(RSPs) (most harmful to health among pollutants, causing inflammation of lungs and 
                                                 
1 http://www.cuhk.hk/puo/bulletin/issue/200201/easthma.htm (Accessed 5-3-05) 
2 http://www.hklf.org/HKLF/edu_airpollution_e.htm (Accessed 5-3-05) 
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airways) was more than twice as high as the worst US case study. 3 
 
Housing indeed has a close association with respiratory health which should not be 
neglected. Yet, little information presently exists on the role of the risk factors in 
Hong Kong. A clearer understanding is needed to identify which factors might have a 
significant contribution in the prevalence and exacerbations of the illnesses.  
 
1.2 Research Questions 
 
In view of the fact that the outbreak of SARS or even other infectious and 
non-infectious diseases are related to the building itself, and respiratory illnesses are 
common in Hong Kong, the following questions are addressed: 
 
1. Does an association exist between some housing factors and the respiratory 
health of residents in Hong Kong? 
 
2. Are those parameters significant in explaining their detrimental effects to 
occupants? 
 
 
 
 
 
                                                 
3 http://www.cleartheair.org.hk/evidence.htm (Accessed 5-3-05) 
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1.3 Objectives 
 
The aims of this dissertation are as follows: 
 
1. To explore the relationship between housing conditions and individual health 
status; 
 
2. To investigate several potential risk factors of housing detrimental to respiratory 
health of residents; and  
 
3. To identify which of these factors might have a noteworthy contribution to the 
prevalence of respiratory problems. 
 
Due to limited time and resources, the study will only focus on the residential 
buildings in Hong Kong. The intention of this dissertation is to examine major 
parameters that contribute to respiratory problems and which factors have more 
significant effect, but not to prove any casual links between housing and health which 
is quite impossible in this study. The reason is that this issue is complex as individual 
characteristics, socioeconomic status and environmental factors are necessary to be 
taken into account and controlled, nonetheless, the extent or level to which each 
variable can affect health is not measurable. Thus, instead of aiming at finding a cause 
and effect relationship, this dissertation will identify the priority housing and 
respiratory problems affecting the residents in Hong Kong. 
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1.4 Research Significance 
 
Numerous studies have associated indoor housing factors with increased prevalence 
of respiratory symptoms. Given that on average person in Hong Kong spends more 
than 85% of their time indoors (Burnett, Chau, Tu and Chan, 2002), a study of the 
relationship is therefore essential. However, not much research has been done in Hong 
Kong which is a densely populated place with a large percentage of the population 
living in high-rise concrete buildings close to heavy traffic roads or industrial plants. 
As mentioned, priority of housing and health problems differs between different 
countries and that confounders make the issue more complex, a study seeks to 
establish clearer links with specific to Hong Kong residential buildings thus should 
have its significance. 
 
The results of this dissertation can provide a methodological ground to attract future 
investigation and resolution. It may also highlight the seriousness of existing housing 
problems on health, specifically, the respiratory problems that this study will focus on. 
This in turn can help local authority to identify housing priorities that can be satisfied 
through formulating policies to enhance better management and maintenance of 
buildings. Addressing housing-related health hazards can also save health care costs 
when occupants’ health and quality of life are improved. 
 
1.5 Organization of the Study 
 
This dissertation is divided into 5 chapters. Chapter 1 is the introduction, providing 
the background, objectives, significance and framework of the study. Chapter 2 is the 
literature review. Concepts of health and housing as well as their relationship are 
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presented. Housing factors with an impact on respiratory health of occupants and 
possible confounding factors and difficulties in establishing a relationship are also 
included. Chapter 3 is the methodology of the study with hypotheses given. The 
hypotheses are proposed with reference to the literatures. The statistical model used 
and data collection process are described and explained. Chapter 4 deals with the 
statistical analysis and discussion. Research findings are shown. Health-related 
housing parameters are identified and discussed. Chapter 5 is the conclusion of the 
dissertation. It includes summary of the findings and discussion. Shortcomings of the 
study are also given, indicating the problems or limitations of the study. Areas for 
further research are then suggested. 
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CHAPTER 2 – LITERATURE REVIEW 
 
2.1 Housing and Health 
 
Over the years, increasing amount of literature has been brought on the impact of 
housing conditions on health status. Various research approaches and methodologies 
have been adopted to find out an association. Nevertheless, the cause and effect 
relationship are often difficult to ascertain. There is no common consensus or agreed 
standard that bad health will be incurred if certain housing requirements are not met. 
Besides, many confounding factors are needed to be clarified and controlled.  
 
2.1.1 Healthy Housing 
 
In understanding what healthy housing is or how they interact, definitions of housing 
and health will be reviewed first. 
 
The World Health Organization (WHO) regards housing as the conjunction of the 
dwelling, the home, the immediate environment and the community. 4 As what 
Bonnefoy et al. (2003) elaborated, the dwelling represents the actual physical shelter 
in which an individual lives and includes such variables as heating adequacy and 
maintenance of the structure. The home consists of all individuals living under the 
same roof and includes such variables as family size, lifestyle of household residents, 
and socioeconomic status. The immediate neighbourhood comprises commonly 
shared spaces – such as the elevators, staircases, waste chutes, and cellars – and the 
                                                 
4 http://www.who.dk/Housing/Publications/20040416_2 (Accessed 7-12-2004) 
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close vicinity of the house, including the green spaces around the building, parking 
spaces, and the pavement immediately outside the building. The community means 
those individuals identified as neighbours by the residents. Turner (1976) made a 
distinction between housing as a noun and housing as a word. He considered housing 
as a product of an individual housing unit to the housing stock in a neighbourhood. He 
also refers housing to the provision and maintenance of all kinds of residential 
buildings by public authorities or private initiatives. 
 
While the definition of health, as defined by WHO (1948) is “…a state of complete 
physical, mental and social well-being and not merely the absence of disease or 
infirmity.” 5 
 
Healthy housing, by implication, is the whole built environment including individual 
characteristics as well as the immediate neighbourhood which promotes the complete 
well-being of people. During the 2nd HABITAT Conference in Istanbul (1996), UN 
Member States identified “adequate shelter” as “…more than a roof over one’s head. 
It also means adequate privacy; adequate space; physical accessibility; adequate 
security; security of tenure; structural stability and durability; adequate lighting, 
heating and ventilation; adequate basic infrastructure, such as water-supply, sanitation 
and waste-management facilities; suitable environmental quality and health-related 
factors; and adequate and accessible location with regard to work and basic facilities; 
all of which should be available at an affordable cost. Adequacy should be determined 
together with the people concerned, bearing in mind the prospect for gradual 
development. Adequacy often varies from country to country, since it depends on 
specific cultural, social, environmental and economic factors. Gender-specific and 
                                                 
5 http://www.euro.who.int/Housing/Activities/20041012_1 (Accessed 7-12-2004) 
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age-specific factors, such as the exposure of children and women to toxic substances, 
should be considered in this context…” 6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
6 http://www.euro.who.int/Housing/Activities/20041012_1 (Accessed 7-12-2004) 
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Shaw (2004) has established a conceptual model (Fig 1) illustrating the links between 
housing and health, taking into account of hard aspects of buildings such as physical 
infrastructures and also the soft aspects like social dimensions of housing. She also 
points out that inadequate housing can influence both mental and physical health 
directly and indirectly. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Direct 
Individual/ household level Area/ neighbourhood level
Hard/ 
Physical/ 
Material 
Soft/ 
Social/ 
Meaningful 
Material/ physical 
effects of housing on 
health – damp, cold, 
mould, heat, 
homelessness 
Indicator (and 
part of) of 
SES – income, 
wealth 
Availability of 
services, facilities; 
features of the 
natural and built 
environment 
Proximity to 
services, 
facilities
Effect of poor 
housing, insecurity 
and debt on mental 
health 
Feeling of “home”, 
social status, and 
ontological security 
Household & area 
culture and 
behaviours 
Community, social 
capital, social 
fragmentation 
Indirect 
Figure 2.1 Conceptual model for housing and health interactions (Shaw, 2004) 
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Hopton, Platt and Macleod (Gill and Wildt, 2003) also conceptualized the relationship 
between housing and heath as below: 
 
? There are the direct physical effects of environmental conditions or of pathogens 
related to poor conditions (e.g. damp housing is associated with poor respiratory 
health). 
 
? There are direct consequences for the inhabitants’ family and social life, which in 
turn are a source of stress and strains, which can cause mental health problems 
and increase susceptibility to physical illness. 
 
? There are the indirect health consequences arising from living in poor housing 
conditions whereby the latter impact negatively on resources and capacity to 
engage in activities which mat promote health or reduce the impact of illness. 
 
The above literature tries to demonstrate how housing affects physical, social and 
mental health. In fact defining mental and social well-beings are more difficult and 
complex than physical health due to the interaction of individual, social and cultural 
realities. Nevertheless, this does not mean the association does not exist, as what 
Ranson (1991) attempts to describe, “housing provides the scenario for family 
life…and social interaction, it follows that many aspects of poor housing…give rise to 
considerable dissatisfaction and annoyance and perhaps contribute to poor health. 
Conversely, comfortable, pleasant surroundings…facilitate the maintenance of 
friendly interpersonal relationships. Housing also forms part of the wider social 
setting whereby communities are formed and institutionalized. Community 
infrastructures are thus extremely important to individuals and the community alike”. 
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In illustrating physical health (which will be the main focus of this study), he 
describes in terms of the negative effects of poor housing. He identified that poor 
housing may affect physical health in at least three ways, namely, facilitating the 
transmission of communicable diseases; interfering with physiological needs as well 
as causing injury to health due to its poor construction and design. In the following 
part, sick building syndromes (SBS) will be explored. 
  
2.1.2 Sick Building Syndromes (SBS) 
 
Most epidemiological indoor studies on SBS have dealt with office workers (for 
example, Apter, Bracker, Hodgson, Sidman and Leung (1994); Hodgson (1995); 
Reijula, Sundman-Digest, 2002), with only a few in relation to different aspects of 
domestic exposures (for example, Engvall, Norrby, Bandel, Hodgson, Hult and 
Norback (2000); Norlen and Andersson(1993)). SBS is a phenomenon whereby 
people experience a range of symptoms when in specific buildings with no apparent 
reasons. The symptoms improve or disappear when the person leaves the building 
concerned. According to the World Health Organization (WHO 1986), the symptoms 
include: 
 
? Irritated, dry or watering eyes; 
? Irritated, runny or blocked nose; 
? Dry or sore throat; 
? Dryness, itching or irritation of skin, occasionally with rash; 
? Less specific symptoms such as headache, lethargy, irritability and poor 
concentration. 
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The concept of SBS has been criticized as unspecific with different types of 
symptoms mixed; a sub-classification of SBS depending on the type of symptom has 
been suggested (Hodgson, 1995; Järvholm, 1993). Some researches have restricted 
their studies to symptoms improving or disappearing when moving away from the 
dwelling. (Skov et al., 1987). Many others have studied the general prevalence of 
SBS without such restrictions (Sundell J, Lindvall T, Stenberg B, Wall S., 1994; 
Stenberg, Eriksson, Höög, Sundell, Wall, 1994). 
 
2.1.3 Research Approaches in finding the Association 
 
In a conference organized by the Royal College of General Practitioners in 
collaboration with the Chartered Institute of Housing in June 1999, Hopton, Platt and 
Macleod 7 state that there are three approaches that research on housing and health 
can be based on. They are area-based (ecological) studies, studies of the internal 
environment and studies of housing in social context. An investigation of these 
approaches will be summarized in the following. 
 
? Area-based (Ecological) Studies 
These kinds of studies showed that people living in areas where housing is poor 
have poorer health than their counter-parts living in areas where housing 
conditions are better. However, such studies fail to identify what constitutes poor 
housing, nor considering the mechanisms or explanations underpinning these 
associations. 
 
                                                 
7 extracted from Gill, P. and Wildt, G. D.(2003) Housing and Health: the Role of Primary Care, 
Radcliffe Medical Press Ltd. UK  
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? Studies of the Internal Environment 
This is a contrasting research approach, in which the health impact of specific 
aspects of housing conditions is examined, such as, the investigation of 
pollutants or pathogens.  
  
Establishing the relationship between these factors and health can be difficult as 
it is necessary to specify which aspects of housing conditions contribute to the 
proliferation of the pathogen. It is useful to conceptualize the housing 
environment as a system in which key aspects of housing are inter-related and, as 
a consequence, different pathogens or factors may co-occur. For example, 
aspects of housing design which reduce air exchange between the internal and 
external environments may lead to an increase in relative humidity and an 
increase in exposure to pollutants from cooking and heating. 
 
To study the relationship also involves generating the basic elements of an 
epidemiological enquiry, like the levels of exposure and the extent of exposure 
over time, eliminating confounding factors, and establish plausible mechanisms 
or processes which would explain any associations. This approach has the 
potential to produce strong scientific evidence. 
 
Apart from that, establishing the prevalence of these aspects of housing is also 
important to estimate their likely public health impact. 
 
? Housing in Social Context 
This approach is to understand the relationship between housing and health in a 
wider social context, regarding housing as a social and economic environment 
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which influences social activities and daily life, thereby affecting health. 
Research on overcrowding can be seen to fall within this approach. 
 
However, within this approach, poor housing is seen to compound the problems 
of living on a low income rather than low income being seen as a potential 
confounding factor in the relationship between housing and health. McCarthy, 
Byrne, Harrisson and Keithley (1985) points out that people living in poor 
housing also tend to take up the poor healthy employment, live in poor 
environment and consume poor diets. They further propose that respiratory 
disorders are the combined outcome of working in a dirty atmosphere, breathing 
polluted inner city air, smoking, and living in a damp and draughty house. 
 
2.1.4 Difficulties in finding the Relationship 
 
Numerous research and publications have attempted to show some relationships 
between housing and health. Yet, this does not mean that there is evidence, in all 
aspects, that when agreed requirements are not satisfied bad health will be resulted for 
the people involved (Kleevens, 1972). Srubuvasan, O’Fallen and Dearry (2003) 
accentuate that a pressing need remains for more concerted research to identify 
mechanisms by which the built environment adversely and positively impacts health. 
Kasl (1979) also points out “residential variables (are) richly embedded in a large 
matrix of individual and social variables that condition and attenuate the impact of the 
residential environment”.  
 
Below quoted several reasons for the difficulties identified by Ranson (1991): 
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? Housing and health studies have usually failed to separate or take into account 
the multifactorial non-housing variables that affect health (e.g. poverty, 
ignorance, poor nutrition and lack of medical care). Even less clear is whether or 
not these various factors are equally important and how they should be evaluated 
in a research programme. 
 
? The direction of a cause-effect of a cause-and-effect relationship pertaining to 
housing and health variables also is often unclear. Thus, if a particular housing 
factor is shown to be associated with a disease, the question arises whether or not 
the disease has given rise to the factor or whether a third set of determinants is 
responsible. 
 
? Indices for measuring health and the hygienic quality of housing are often too 
insensitive, inappropriate and/ or lack universal acceptability. This is a particular 
problem when assessing the intangible or aesthetic effects of housing on social 
well-being, in determining comfort levels or measuring qualitative aspects such 
as quality of life. 
 
? In many cases, no epidemiological studies into the effect of particular housing 
factors on health have been conducted. As a result the casual factors of potential 
housing-related illnesses are often unknown or insufficiently corroborated. 
 
Bonnefoy et al. (2003) suggest that the prevalence and priority of specific housing 
hazards vary from country to country. Defining a unique set of a casual relationship 
for each country seems quite impossible. Kleevens (1972) is of the opinion. He 
further describes that “it is a matter of adoption of standards, a procedure very much 
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subject to differences of climate, cultural and social traditions and economic factors. 
Closely linked to this is the problem whether standards should be set on minimal, 
maximal or optimal requirements and whether they should be reconsidered from time 
to time.” 
 
Nevertheless, the lack of definite measurements does not denote the absence of a 
relationship between housing and health. As what the first WHO Expert Committee 
on the Public Health Aspects of Housing accentuates, by deductive measuring a 
strong relationship can be established. “Since the residential environment consists of 
many elements of the overall environment, with each element capable of exerting 
individual detrimental effects upon health and well-being, it can be deduced that the 
effect of the residential environment upon health is the sum of individual factors.” 
 
2.1.5 Review of Past Research 
 
Linkages between housing and health have been in focus since ancient time. This 
section will offer a brief overview of past research. 
 
In the 19th century, the Victorians began to keep statistics that illustrated a profound 
link between premature death and impoverished conditions (Stewart, 2001). The 
public health movement on slum housing was because of the terrifying rates of 
infectious diseases such as tuberculosis. The miasma theory proposed that the resultant 
fetid, malodorous air led to diseases like malaria ("bad air") or through fermentation 
to zoonotic diseases and that these were the cause of sickness (Chadwick, 1997). What 
highlighted was the importance of hygiene and that houses should better not to crowd 
together. In a historical analysis of health in the 19th century Britain, Wohl (1983) 
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comments: “as the century progressed it became increasingly apparent that the 
growing structure of public health rested on domestic foundations and that the nation 
could not be healthy unless it housed its masses in healthy living.”  
 
This concern about the relationship of housing and health had been brought into the 
20th century. Before the Second World War, a plethora of research demonstrated a 
connection between health and housing. In particular, tuberculosis was speculated to 
be highly correlated with over-crowding and lack of basic amenities (McCarthy, 
Byrne, Harrisson and Keithley, 1985). 
 
These aetiological theories have their 21st century counterparts, as what 
Howden-Chapman (2004) describes. He points out a number of aspects of housing 
that are understood to have a direct impact on health: the structure of housing; internal 
conditions such as damp, cold, and indoor contamination; and the behaviour of the 
occupants. Indirect housing effects related to housing tenure, including wealth 
impacts, and neighbourhood effects are seen as increasingly important.  
 
There have been a number of studies concerning the impacts of housing factors on 
respiratory health. For example, in a research report of Lwebuga-Mukasa, Oyana and 
Wydro (2003), risk factors for asthma prevalence and chronic respiratory illnesses in 
Buffalo’s neighbourhood are identified. The study is based on a cross sectional survey 
of a random sample of 2000 households conducted in 2002. Nine variables were used 
in the multivariate analysis, namely location, gender, age, household triggers, pets, 
smoking status, ethnicity/ race, age of housing units and educational status. Multiple 
logistic regression was run and data was analyzed. The result shows that the age of 
housing units and race showed a statistically significant correlation with the risks in 
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the city. According to the 2001 census 8, only about 5% of the population in Hong 
Kong are non-Chinese. Hence race will not be a focus for this dissertation. In another 
study conducted by Spengler et al. (2004), relationship between housing 
characteristics, parental factors, and respiratory health is explored with about 6000 
Russian children. It is concluded that vicinity to traffic, dampness, mould, and 
environmental tobacco smoke (ETS) are important determinants of children’s 
respiratory health in the country. 
 
In addition to the association between health and housing, it can be seen that different 
housing factors are chosen and investigated due to diverse characteristics in different 
countries. 
 
2.1.6 Confounding Factors in finding the Association 
 
In linking housing and health, a challenge yet to be met is to control and elucidate the 
respective influence of confounding factors. The issues which needed to be taken into 
account include the relative importance of individual characteristics such as age, sex; 
measures of socio-economic status such as income, social status, education, working 
conditions and the environmental variables such as alcohol and tobacco consumption 
compared to housing characteristics in explaining general health status and specific 
health status (Bonnefoy, Braubach, Krapavickaite, Ormand and Zurlyte, 2003; 
Rosenberg and Wilson, 2001; Yen and Syme, 1999; McCarthy, Byrne, Harrisson and 
Keithley, 1985). Rosenberg and Wilson (2001) further points out the measures of 
exposure to substances with duration and plausible explanations of the links between 
health and housing.  
                                                 
8 http://www.info.gov.hk/censtatd/eng/hkstat/fas/01c/cd0052001_index.html (Accessed 10-3-2005) 
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Although the above factors are thought to be associated with health, the effects of 
each factor still need further investigation because evidence concerning its direction is 
not consistent. For example, in studying SBS, one research finds that age has a 
negative association to SBS (Taylor PR, Dell´Acqua BJ, Baptiste MS, Hwang HL, 
Sovik, 1984) while another reported a positive correlation (Hedge, Burge, Robertson, 
Wilson and Harris-Bass, 1989). Some studies found a relationship with smoking and 
SBS (Norbäck, Wieslander, Björnsson, Janson, Boman, 1996; Björnsson, Janson, 
Norbäck and Boman, 1998) but there are others that did not find such a relationship 
(Lenvik, 1993; Zweers, Preller, Brunekreef and Boleij, 1992). In a research conducted 
in mid-Sweden, women has a higher proportion of airway symptoms, but these 
differences were not statistically significant after adjusting for allergy to nickel, 
hyper-reactivity and proneness to infection (Norback and Edling, 1991) 
 
The reason that attention to "confounding" factors should be shown is that for 
example, people in poor housing suffer so many deprivations that assessment of any 
one risk factor is almost impossible. Concerning the direction of cause and effect 
which is often unclear, people who already suffer from ill health may tend to live in 
substandard housing by virtue of low income. Besides, indices for measuring health 
and quality of housing are often insensitive (Wilkinson, 1999). Hence the quality of 
evidence for the relationship between housing and health is not easy to guarantee.  
 
2.2 Risk Housing Factors affecting Respiratory Health  
 
The foregoing literatures offer a brief overview linking health and housing. 
Residential environment is a complex issue in which interaction between buildings, 
building services maintenance systems and the occupants exist. As it is the intention 
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of this dissertation to discuss the housing parameters having adverse respiratory 
health consequence in Hong Kong, the risk factors will be identified and elaborated in 
the following. 
 
2.2.1 Building Age 
 
Building age is considered as a factor which has influential effect on respiratory 
health. The conditions of building vary with age in the sense that the structure without 
proper management would itself “wear out” over time. Aside from that, the 
advancement in technologies also render new buildings differ from old ones, resulting 
in different housing conditions. Examples include the change of construction 
materials and the concern for energy saving. In the press releases 2003 by the 
Housing, Planning and Lands Bureau, it can be seen that the number of buildings in 
the urban area of age 30 or above is around 11,000, and will increase by 50% in 13 
years' time. 9 
 
According to the Home Affairs Department, many old buildings in Hong Kong with 
multiple owners are badly maintained, with poor hygiene conditions. Physical 
dilapidation and environmental deterioration are also prevalent without proper 
management of the structure. 10 
 
Godish (2001) lists out some problems that older houses are more likely to have when 
compare with newer houses. For example, water intrusion, flooding, and condensation 
on windows and walls are more probable to occur in old houses during their history 
                                                 
9  http://www.hplb.gov.hk/eng/press/2003/20031025117.htm (Accessed 26-2-2005) 
10 http://www.had.gov.hk/file_manager/ en/documents/whats_new/chapter3.pdf (Accessed 18-2-2005) 
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than new houses. As a consequence, they are at much higher risk of being infested 
with mold. A survey conducted by the WHO on panel block buildings shows that 
households in newer flats perceived the dwelling temperature in winter to be far better 
than the group in older flats. The same applied for the perception of air quality. The 
older building type were also found to have more pest problems due to poor 
maintenance (Bonnefoy et al., 2003) 
 
With regard to the development of buildings over time, energy saving has been a 
prominent objective in housing policies recently. Bonnefoy et al. (2003) point out that 
building tightness (insulation standards for walls, double-glazed windows and 
tight-fitting window frames) can lower energy consumption. However, this has to be 
balanced by some of the consequences like lower exchange rate of indoor air which 
may lead to poorer air quality and an increased possibility of condensation and mould 
growth. Lwebuga-Mukasa, Oyana and Wydro (2004) are of the same opinion. They 
show, in a research, that newer housings are significantly associated with the presence 
asthma or a respiratory disease among the people interviewed. The reason that they 
speculate is that newer houses are more tightly constructed.  
 
2.2.2 Dampness in Housing 
 
Damp housing has been advocated in several studies to be a factor associated with ill 
health, especially respiratory symptoms (Walker, 1997). The studies that have been 
conducted in children are probably more reliable and consistent because of the less 
importance of confounding factors. Home dampness is thought to have health 
consequences because it has the potential to increase the proliferation of allergenic 
substances like moulds and housing-dust mites (Gill and Wildt, 2003; Peat, Dickerson 
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and Li, 1998). 
 
Moulds have been found to have a small, but significant respiratory effect on children. 
There is a dose-dependent risk increase of visible mould for respiratory infection, 
lower respiratory symptoms (dry or productive cough, wheeze) and asthma, as well as 
increased incidence of respiratory infections (Bonnefoy, 2004, Howden, 2004) 
Bonnefoy (2004) identified certain housing conditions favourable for mould growth. 
Mould spores are present in all kinds of indoor environment. Normal building 
materials and furnishings provide ample nutrition for many species of moulds, 
together with an adequate supply of moisture, they can grow and amplify indoors. 
Older houses with recent water damage are often favourite sites for mould growth. 
Poor social conditions like large household size and financial difficulty with housing 
costs were significant predictors of damp, mouldy homes. 
 
House-dust mites are sources of allergens inside dwellings. They require a high 
relative humidity to survive and will die in very dry, very hot or very cold conditions. 
Airborne mite faeces are the main source of allergens, but small airborne pieces of 
mites could be inhaled into the lungs and cause an allergic response. The allergies 
include irritation of the nose and throat and rhinitis. They can also cause 
breathlessness and asthma. 
 
Dampness in houses can be caused by location of the house, structural defects in the 
house construction or maintenance, and the behaviour of the occupants, such as not 
airing the house by opening windows or using extractor fans during showering and 
cooking (Howden, 2004). Hong Kong with its high temperate and relative humidity 
can be favourable for mould and house-dust mites growth. 
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2.2.3 Indoor Air Quality (IAQ) 
 
The quality of indoor environment is affected by the thermal acceptability and air 
contaminants which in turn are determined by the temperature, humidity, the quality 
of external air (including neighbouring premises), pollutants emitted within the 
dwelling and the ventilation rate. Since a majority of Hong Kong people spend most 
of their time indoors, indoor air quality is an important determinant of health. 
 
ASHRAE Standard 62-2001 defined acceptable indoor air quality as, “Air in which 
there are no known contaminants at harmful concentrations as determined by 
cognizant authorities and with which a substantial majority (80% or more) of the 
people exposed do not express dissatisfaction.” 
 
World Health Organisation (WHO) addresses the meaning as “the physical and 
chemical nature of indoor air, as delivered to the breathing zone of building occupants, 
which produces a complete state of mental, physical and social well-being of the 
occupants, and not merely the absence of disease or infirmity.” 
 
2.2.3.1 Temperature and Air Humidity 
 
According to the Guidance Notes for Management of Indoor Air Quality, 
indoor air temperature is influenced by the temperature control of the air-conditioning, 
solar heat gain, other heat sources such as lighting, electrical equipment, computers 
and water heaters, and humidity. Temperature between rooms or locations within a 
room may vary due to different window sizes and vertical surfaces (large surface may 
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create convection currents resulting in cold air at floor level). 11 
 
In his report, Wilkinson, Armstrong 2001 (quoted from Bonnefoy et al., 2004) found 
five major determinants of cold indoor temperatures for United Kingdom properties, 
these were: 
 
? age of dwelling (the older, the colder) 
? absence of/dissatisfaction with the heating system 
? cost of heating the dwelling (highest is colder) 
? low household income (less is colder) 
? household size (smaller is colder). 
 
As pointed out by Collins (1986), living in cold housing has been linked with lower 
general health status and increased use of health services. Lowry (1991) reviews that 
more people die in winter than in summer. Very few of these excess deaths, however, 
are due to hypothermia – most are from respiratory and cardiovascular diseases.  
 
The main health risk of high relative humidity in dwelling is that it encourages the 
growth of mildew and other fungi on building fabric and furnishings. The effect of 
dampness will be discussed later.  
 
 
 
                                                 
11 http://www.iaq.gov.hk/cert/doc/GN-eng.pdf (Accessed 12-12-2004) 
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2.2.3.2 External Air Pollutants 
 
The indoor housing environment is affected by the variable influx of air pollutants 
outside. Close proximity of busy roads to housing is a major health problem in Hong 
Kong. The main toxic chemicals in the air in Hong Kong include sulphur dioxide 
(SO2), respirable suspended particulates (RSPs), nitrogen dioxide (NO2) and ozone  
(O3). 
 
According to the Environmental Protection Department, Hong Kong has been facing 
two air pollution issues. One is local street-level pollution. The other is the regional 
smog problem. Diesel vehicles are the main source of street-level pollution. Smog, 
however, is caused by a combination of pollutants from motor vehicles, industry and 
power plants both in Hong Kong and in the Pearl River Delta region. (EPD) 12 
 
Motor vehicles, especially diesel vehicles, are the main causes of high concentrations 
of RSPs and nitrogen oxides (NOx) at street level in Hong Kong. The major sources 
of SO2 are fossil fuel-burning power plants, industrial boilers, as well as from 
vehicular exhaust emissions. Very few sources produce O3 directly. The gas is formed 
by the action of ultra-violet (UV) light from the sun on nitrogen oxides and volatile 
organic compounds. 
 
A consultancy study conducted by the University of Hong Kong revealed the 
short-term effects of ambient air pollution on public health. The results were 
comparable to those obtained by collaborating centres of Air Pollution on Health: a 
                                                 
12 http://www.epd.gov.hk/epd/english/environmentinhk/air/studyrpts/epd99cov.html (accessed 
12-12-2004) 
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European approach (APHEA). Significant correlations were found between certain 
types of respiratory and cardiovascular diseases and the above four pollutants 
mentioned. Health effects include respiratory illness, reduced lung function, 
respiratory irritation, increased susceptibility to respiratory infection, cough and 
asthma, etc. (Chauhan, 2003; EPD) Another Hong Kong study shows significantly 
increased respiratory symptoms (sore throat, cough, morning phlegm, wheeze) in 
children living in more polluted area, even after factors such as socioeconomic status 
and exposure to cigarette smoke were controlled. (Ong, et al. 1991). The health 
effects 
of the four pollutants are summarized in the table below. 
 
Pollutants Where they are from? Health and other effects 
Respirable 
suspended 
particles  
Fuel for traffic- mostly diesel  
Construction and road dust  
Incineration 
Cause inflammation of the 
lungs and airways  
Most harmful to health 
among pollutants  
Sulphur dioxide 
Industrial combustion of fossil fuels 
Transportation – small amount only 
Irritates airways and induces 
airway narrowing  
Oxides of 
nitrogen 
Fuels for transport, heating and 
power generation 
Trigger attacks of asthma 
Ozone 
Photochemical reaction between 
oxides of nitrogen and reactive 
hydrocarbons 
Cause irritation of the eyes 
and impair lung function 
Table 2.1 The sources of pollutants in Hong Kong and their health effects 13 
 
                                                 
13 http://www.hklf.org/HKLF/edu_airpollution_e.htm (Accessed 5-3-2005) 
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2.2.3.3 Internal Air Pollutants 
 
The World Health Organization estimates that at least a hundred million people 
world-wide are potentially affected by respiratory diseases associated with air  
pollution (Briggs, Corvalan & Nurminen, 1996). Common indoor pollutants in 
Hong Kong include environmental tobacco smoke (ETS), radon, volatile organic 
compounds (VOC), formaldehyde and biological contaminants. Some of them come 
from the construction materials and furnishings, etc. while some are the products of 
household activities and combustion process. In a majority of air-pollution studies 
conducted in Western countries, investigators have often considered gas stoves as a 
source of indoor air pollution compared with electric ones (Horstman, Kotesovec, 
Vitnerova, et al.,1997). Other pollutants in dwellings affecting respiratory health are 
nitrogen dioxides, odours, allergens, asbestos, etc. (Ranson, 1991). Indoor air quality 
here does not wholly refer to the air inside a flat, but also includes that in the common 
areas within the buildings. The characteristics of pollutants and their impacts on 
health will be summarized and discussed as follows: 
 
? Environmental Tobacco Smoke (ETS) 
Environmental tobacco smoke (ETS) is a combination of the smoke given off by 
the burning end of a cigarette and the smoke exhaled by the smoker. It consists of 
over 4,000 chemical compounds. 14 
 
It is well-known that exposure to ETS can increase the risk for lung cancer 
(Ranson, 1991), asthma, Sudden Infant Death Syndrome (SIDS), bronchitis and 
                                                 
14 http://www.iaq.gov.hk/second.asp?page=pub&sub=pamphlets&content=detail&number=3(Accessed 
12-12-2004) 
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pneumonia and other respiratory diseases (Annesi-Maesano et al., 2004). It is 
interesting that Philip Morris USA, the nation’s largest cigarette company also 
points out the harmful effects that ETS has on health: “Public health officials 
have concluded that secondhand smoke from cigarettes causes disease, including 
lung cancer and heart disease, in non-smoking adults, as well as causes 
conditions in children such as asthma, respiratory infections, cough, wheeze,  
otitis media (middle ear infection) and Sudden Infant Death Syndrome. In 
addition, public health officials have concluded that secondhand smoke can 
exacerbate adult asthma and cause eye, throat and nasal irritation.” 15 
 
In a study conducted by Zhang, Qian, Kong, Zhou et al. (1999), aside from 
showing the strong adverse effects of active tobacco smoking on respiratory 
health, it demonstrates that children appeared to be more strongly affected by 
passive smoking exposure than their mothers. 
 
 
                                                 
15 http://www.philipmorrisusa.com/en/policies_practices/public_place_smoking.asp (Accessed 
12-12-2004) 
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? Radon 
Radon is a colourless and odourless radioactive gas, present in most soil, rocks 
and particularly granites. The gas would enter the building through its concrete 
structure which consists of granite or from the underlying soil through cracks and 
openings in the ground. It could accumulate to excessive levels if the ventilation 
is poor. It is identified by Yu (1992) that the main contribution of radon in Hong 
Kong is building material because of the higher concentration of radium content 
in the material. Newer buildings have a higher chance of a radon problem 
because their windows are more air tight than older buildings. Exposure to the 
gas may increase the incidence of lung cancer. 16 Some studies show that the 
average radon concentration in the residential and commercial premised in Hong  
Kong when compared with the global average was 3 to 5 times higher. (Man et 
al., 1994; Pang and Pun, 1994) However, Lowry (1991) points out that the 
distribution of mortality from lung cancer and the domestic exposure to radon do 
not have direct correlation with each other. Ineichen, (1993) explains that the 
effects of radon on health are so long-term that they are difficult to measure with 
precision. Possible confounding factors as discussed previously also render the 
relationship complicated.  
 
? Volatile Organic Compound (VOC) 
VOCs are chemical compounds that evaporate at room temperature and pressure. 
They may enter from the outdoor environment or can be emitted by certain solids 
or liquids including construction materials, furnishings, tobacco smoke, carpets 
and so on. They play a significant role in ozone formation by reacting with 
                                                 
16 http://www.epd.gov.hk/epd/english/resources_pub/publications/files/pn99_1.pdf (accessed 
28-12-2004) 
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nitrogen oxides in the presence of sunlight. Exposure to VOCs may cause acute 
and chronic health effects on human beings. 17 
 
2.2.3.4 Ventilation 
 
The functions of ventilation is to supply the occupants with oxygen, provide space 
cooling and dilute contaminants of the indoor environment including moisture and 
odour by supplying the building with outdoor air. Early in the 1930s, Constantin  
Yaglou established a paradigm for using ventilation as a means of achieving odour  
and thermal comfort in the living environment. (Samet and Spengler, 2003) The 
quality of the indoor air depends on the outdoor air, pollutant emissions within the 
building and the ventilation rate. Ventilation may be categorized into natural 
ventilation (by window opening) and mechanical ventilation (by fans, 
air-conditionings). Poor ventilation can increase the risk for infestation of house dust, 
moulds, etc., due to increased air humidity. Studies from the Environmental Protection 
Agency show that indoor level of pollutants may be two to five times higher than 
outdoor levels. Sometimes it may even be more than 100 times. (Snips, 2004) Hence, 
proper ventilation is essential to ensure good health. 
 
The use of natural ventilation is encouraged to be used in the residential buildings in 
Hong Kong. The Buildings Department, in its yearly environmental report 2001, 
reviews the lighting and ventilation requirements of buildings in Hong Kong. 
Performance values for natural ventilation in habitable residential rooms are proposed  
                                                 
17 http://www.iaq.gov.hk/second.asp?page=pub&sub=pamphlets&content=detail&number=6 (accessed 
12-12-2004) 
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by the consultant. 18 To promote natural ventilation, a Joint Practice Note for Green 
and Innovative Buildings was issued in 2004, in which certain features promoting the 
use of natural ventilation are exempted from site coverage calculations. 19 
 
Natural ventilation can be resulted from wind pressure, as what Burnett, Bojić, and 
Yik (2005) referred to as cross ventilation. Adequate cross ventilation in the flats can 
be facilitated by adequate layout and orientation, and satisfactory window and room 
locations inside flats. They suggest the use of mechanical ventilation to supplement if 
flats are found to have inadequate cross ventilation. Besides, rooms in flats should be 
appropriately located to prevent any spreading of odour from the kitchens and toilets 
to bedrooms and living rooms in the same flat and adjacent flats. 
 
Fiedler (1991) finds out that cross ventilation together with other factors correlate 
with acute respiratory diseases in children. The other factors discussed include 
position of the flat towards the main road, strong exposure of the house to wind, and 
number and size of windows. 
 
2.2.4 Vermin 
 
Krieger and Higgins (2002) identified asthma to be associated with pest infestations, 
which provide another linkage between substandard housing and chronic illness. They 
reviewed several literatures and found that cockroaches can cause allergic 
sensitization and act as an asthma trigger. Children with asthma when exposed to 
cockroaches can be worsened. Mouse allergen also found to be an important indoor 
                                                 
18 http://www.info.gov.hk/bd/english/documents/index_joint.html (Accessed 26-2-2004) 
19 http://www.info.gov.hk/bd/english/ogranisation/environment_2001.html. (Accessed 6-2-2004) 
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allergen in children with asthma, with exposure and atopy contributing to mouse 
sensitization. (Eggleston et al., 2000) 
 
Vermin mainly harbour in unhygienic or poorly designed housing. They can enter the 
dwellings through cracks, crevices, and heating and ventilation ducts, etc.. Warmth, 
dampness and darkness are commonplace for them. Poor disposal of waste or 
inadequate food storage can attract vermin as these provide them with food. (Ranson, 
1991) Leung et al. (1998) found that 85% of the Hong Kong homes studied have at 
least one major inhaled allergen of mites, cats and cockroaches in varying quantities. 
The ideal temperature and relative humidity for dust mite growth are exceeding 26oC 
and 80% respectively. They further point out that improving hygiene in buildings is as 
important as improving IAQ. 
 
2.2.5 Carpeting 
 
Carpet has been used at home for decorative purpose and to make the place more 
comfortable, yet Lewis, Breysse, Lees, Diener-West et al. (1998) classify it as one of 
the most common and perhaps the most important reservoir of aeroallergens and other 
components of dust found in residential settings. Dust mites like warm and damp 
environment. Most of them cannot survive under 5 oC and/or 50% level of relative 
humidity (Lane, 1996). These creatures affect allergic inhabitants causing asthma. 
Many factors are postulated to affect the airborne concentrations of household dust 
mite allergens. As what Campbell, Klauck, Reed, and Swanson (1989) identify, they 
include the growth rate of mites on carpeted or other fabric surfaces, re-suspension of 
allergens from fabric and other surfaces due to household activities, and residential 
ventilation. 
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Some research found that carpets may pollute indoor air with chemicals. Chadwick et 
al. (1997) point out that “it remains possible that chemical or other exposures indoors 
have enhanced the response to inhaled allergens. In addition, carpets are an important 
source of endotoxin which may act as an enhancer.” 
 
2.3 Building Health and Hygiene Index (BHHI) and Health Questionnaires 
 
Due to the outbreak of SARS in Hong Kong, the public becomes more aware of the 
relationship between their living environment and health. In the summers of 2003 and 
2004, the Faculty of Architecture, the University of Hong Kong had established the 
Building Health and Hygiene Index (BHHI). The index measures the health and 
hygiene conditions of buildings based on its design, external environment and 
management. The use of it is as stated in the conference paper (Ho, 2003): “Inform 
the public, provide information for urgent attention, for developers and owners, for 
the proposed mandatory inspection and maintenance scheme for buildings” and it is 
scheduled that between 2004 and 2007, 500 developments will be completed for 
assessment. The BHHI is a benchmarking tool used to classify buildings with regard 
to health and hygiene, presenting in the form of grades (A, B, C and U). Buildings 
with higher grade are healthier and more hygienic.  
 
In parallel with the establishment of the index, in winter, 2004, health questionnaires 
(refer to APPENDIX A) were distributed to occupants to measure their perception of 
the living environment and their health. The questionnaires are divided into four parts, 
namely personal background, life styles, health status and their living environment. 
The author will make use of part of these data in this dissertation in analyzing any 
association between respiratory health and housing.
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CHAPTER 3 – HYPOTHESIS AND METHODOLOGY 
 
The previous chapter put forward some potential risk factors deleterious to respiratory 
health after a review of past literatures. In this chapter, hypotheses are set and tested 
with respect to this issue. The methodology adopted including the statistical model 
used and its application as well as data collection process will be discussed.  
 
3.1 Hypothesis 
 
Following literature reviews on housing and health and with specific to the conditions 
in Hong Kong, various hypotheses are identified.  
 
1. A considerable risk in the prevalence of respiratory problems exists among certain 
group of people subject to different demographic, socioeconomic factors and 
lifestyles. 
 
2. There is relationship between building dampness and respiratory health. 
Dampness has a positive effect on the presence respiratory problems. 
 
3. Poor ventilation inside flat or odour and poor air quality in common areas in the 
building can affect respiratory health negatively. 
 
4. People living in buildings with more vermin problems are more likely to have 
respiratory problems. 
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5. Building age has an effect on the presence of respiratory problems. Whether the 
effect is positive or negative cannot be told at this stage. 
 
6. Carpeting can affect the respiratory health of people negatively. 
 
7. People living near heavy traffic are more likely to have poor respiratory health. 
 
3.2 Methodology 
 
The analysis for this dissertation is based on the questionnaires on the perceived 
satisfaction of the occupants and their health status. Various health-relevant housing 
parameters such as building age, air quality, building dampness, infestation and 
carpeting were investigated. Although this approach merely contains a limited amount 
of objective information, it gives a humanistic understanding of the living 
environment through the eyes of the occupants (Bonnefoy et al., 2003). In addition to 
the questionnaires, data concerning the building hygiene and health conditions were 
collected by a group of the University of Hong Kong undergraduate and postgraduate 
students by site inspection. This provides objective data (though no physical 
measurement) which will form part of the analysis in this study.  
 
The data will be investigated by adopting the multiple logistic regression model. It 
aims at exploring the parameters detrimental to respiratory health and whether they 
are significant to cause the effect. 
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3.2.1 Data Collection 
 
The data for this dissertation mainly come from the health questionnaires and some 
from the Building Health and Hygiene Index (BHHI), both conducted by the Faculty 
of Architecture, the University of Hong Kong. Details of these two survey tools will 
be demonstrated below. 
 
3.2.1.1 Survey Tools Development 
 
? Health Questionnaire 
 
The questionnaire (refer to APPENDIX A) was set on the basis of literature 
review and had been consulted with the Medical Faculty to ensure that the 
questions are appropriate. Questions were developed for assessing the 
health-related living conditions and occupants’ health status. The questionnaire 
was designed in a simple form so that it can be easily completed. It includes 
questions that provide occupants with options so that people can fill in the 
questionnaire without difficulty.  
 
? BHHI 
 
This is an index developed after the outbreak of SARS in 2003 as a performance 
indicator of buildings. In producing the index, the assessment framework for the 
health of apartment buildings was first outlined. A set of assessment principles 
was defined and the environmental qualities that affect occupants’ health were 
identified. They were then converted into a hierarchy of building factors. Finally, 
Chapter 3                                                  Hypothesis and Methodology 
 
 38
the assessment framework was integrated by constructing a health and hygiene 
index for the buildings (Ho et al., 2004). The index consists of the design and 
management aspects of the buildings. The former part is further divided into 
architecture, building services and external environment. The latter comprised of 
the operation and maintenance as well as building management. 
 
3.2.1.2 Sample Selection 
 
This study was based on a cross sectional health survey of the buildings in Yau Tsim 
Mong (including Tai Kok Tsui, Prince Edward, Yau Ma Tei, King’s Park, Jordan, Tsim 
Sha Tsui and Mong Kok) in Hong Kong. One adult (aged 18 or above) in each flat 
who mostly spent the most time at home was asked to answer the questionnaire, 
during the winter seasons (end of November to early December). In total 6926 
questionnaires were distributed to all the flats in 156 buildings. The overall response 
rate in the study was 13 % (n=881) corresponding to 110 buildings. Participants who 
reported in the questionnaire that they had lived in the current dwelling for less than 
one year were excluded from the analysis. A restriction on this is to ensure that the 
occupants with respiratory problems are more likely to be related to the housing 
factors studied. The data required from the BHHI is also available for those buildings. 
 
3.2.1.3 Realization of the Fieldwork 
 
? Health Questionnaire 
 
The health questionnaires were distributed by postal mean to all the flats in the 
buildings in Yau Tsim Mong. To obtain the address of each flat, a research 
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assistant was asked to note down from the mail boxes in each building. This is to 
ensure that the address on each envelop is mistake-free and that every flat can 
receive one questionnaire. 
 
To maximize the response rate, reply envelop was enclosed for the occupants to 
return their questionnaire to the University of Hong Kong. Occupants also had 
chances to obtain a $20 supermarket coupon upon successful completion of the 
questionnaires before the deadline 18th December 2004.  
 
In total 831 are collected back and the response rate is 13%. The reasons for the 
rate to be low maybe twofold. Firstly, due to time constraint, the participants 
were asked to return their questionnaires before the deadline, some of the 
occupants might not be able to meet the deadline. Secondly, the questions 
involved, especially those among health and personal information are sensitive 
and some participants may not be willing to answer. If more time is allowed for 
the participants and the length of the questionnaires can be shortened, the 
response rate may increase. 
 
Completed data from the questionnaires were then entered into Microsoft Excel 
worksheets. Incomplete questionnaires were dealt with by contacting the 
participants on phone so as to fill in the missing data. Others comprised of 
important data missing were discarded from the analysis.  
 
? BHHI 
 
There are several means in which the data for the BHHI are obtained. The most 
Chapter 3                                                  Hypothesis and Methodology 
 
 40
updated approved plans were called from the Buildings Department. Total 
window area, cross ventilation and other building layouts were measured from 
the plans. Street maps in YPmap 20 and Centamap 21 are also sources of data 
collection. Distance between the building and adjacent busy road, highway and 
railway (if any) was measured. Building age was also extracted. Site visits were 
carried out by research assistants of two. External and internal hygienic 
conditions were rated with reference to the score sheet as shown in APPENDIX 
B.  
 
Data collection method for the management part and others not relevant to this 
dissertation is not to be discussed here. 
 
3.2.1.4 Data obtained from the Questionnaire and BHHI 
 
The questionnaire is divided into four parts. The first part and second part deal with 
personal background and lifestyle respectively. The third part concerns with the health 
status and the fourth part is about the living environment. While the BHHI consists of 
information on the building design, the external and internal environment, 
demographic information as well as the management of the building. Both the health 
survey and the BHHI concern health and hygienic condition of buildings in general. 
As this dissertation focuses on respiratory health, only relevant information with 
reference to previous literature reviews will be extracted. Details will be described in 
the following parts. 
 
                                                 
20 http://www.ypmap.com  
21 http://www.centamap.com 
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? Assessment of personal and household characteristics 
 
Information on gender, age, education level, employment condition, martial 
status, length of residence in the flat and household size was obtained. The 
smoking habits of the participant and his/ her family are also asked. All data are 
based on the health questionnaire conducted. 
 
? Assessment of health status 
 
Besides questions on the individual and household factors, the questionnaire 
contained questions to assess the health status of occupants. It is the interest of 
this dissertation to find out the respiratory health. Hence, information on whether 
the participant has been diagnosed by doctor to have chronic respiratory diseases 
(for example asthma, allergy, chronic bronchitis, tuberculosis) is obtained. 
Respiratory symptoms including throat symptoms (cough, sore throat) and nose 
symptoms (irritated, runny nose) when staying at home are also collected. There 
are additional questions about the respondent’s opinion if the diseases or 
symptoms are related to their home environment. Even the participants do not 
have the symptoms, they were asked if they attributed this to the indoor 
environment in the dwelling because health should not be just free of disease, but 
a state of well-being.  
 
? Assessment of building characteristics and indoor environment 
 
To deal with the conditions of housing, information on the building as a whole 
and on individual flat is required. Hence the questionnaire includes questions on 
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the satisfaction of the hygienic condition of the common areas and the air quality 
of the building. Infestation problems in the building such as insects, mouse or 
others are also obtained. 
 
Information on signs of building dampness is collected from the occupants, when 
answering the questionnaire. Water seepage problems on windows, ceiling, wall, 
sanitary fitments, and drainage and water supply pipes inside the flat in terms of 
no, slightly and seriously are obtained. The questionnaire is also categorized by 
other parameters such as indoor air quality (odour and to rate whether the 
ventilation is adequate or not), infestation and carpeting.  
 
Information from the BHHI will also be used in this part to assess the building 
characteristics and indoor environment on respiratory health. These are the 
building age, the presence of cross-ventilating windows in the dining/living room 
of each flat (refer to APPENDIX C) and whether the building is adjacent to busy 
road or highway or railway. The internal and external hygienic conditions were 
also measured for the buildings. There are five ratings with 5 being hygienic and 
1 being unsanitary. For details of the rating criteria, please refer to APPENDIX 
B.  
 
3.2.2 Statistical Model 
 
In this study, a logistic regression model will be developed to identify the housing 
conditions in the residential buildings contribute to a higher prevalence of respiratory 
problems by using the computer software E Views 3.0. In this section, the dependent 
and independent variables will be identified. Analysis on statistical associations 
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between occupants’ respiratory health, building related parameters, personal and 
household factors will be introduced. 
 
3.2.2.1 Multiple Logistic Regression Model 
 
Multiple logistic regression is a powerful tool used to describe the association 
between a dichotomous (binary) dependent (response) variable and a set of 
independent (explanatory) variables. The explanatory variables may be continuous or 
dummy variables. The model not only can predict a dependent variable on the basis of 
independents, it can also rank the relative importance of the independents. In this 
dissertation, logistic regression is used instead of linear regression because the value 
that the dependent variable takes is either zero or one. That is to say the outcome 
variable takes on the value of one for the presence of respiratory problems and the 
value of zero for the absence. Multiple logistic regression model has been used in 
many other similar research when finding an association between health and housing 
(Lwebuga-Mukasa, Oyana and Wydro, 2003; Rosenbery and Wilson, 2002; Engvall, 
Norrby, Bandel, Hull and Noeback, 2000). This study will adopt the model as well. 
 
The models are defined by 
kk
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1 ,           (1) 
where y is the variable to be explained; it expresses the respiratory health status. y=1 
if respiratory problems exist, and y=0 otherwise. x1, x2,…,xk are the health related 
explanatory variables and β0, β1,…,βk are unknown parameters to be estimated. The 
corresponding variable can be considered as a significant explanatory cause if the 
parameters are significantly different from zero. 
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3.2.2.2 Identification of Dependent and Independent Variables 
 
3.2.2.2.1 Dependent Variable 
 
Chronic respiratory diseases or respiratory symptoms will be assigned “1” if the 
disease exists for the former and rated as “sometimes” or “often” for the latter. On the 
other hand, if the disease does not exist for the former or rated as “never” for the latter, 
a “0” value will be assigned.  
 
3.2.2.2.2 Independent Variables 
 
The independent variables included are divided into demographic status, 
socio-economic status and housing factors. In this statistical analysis, the independent 
variables will be as dummy variables with a “1” or “0” assigned to each of them. 
Polytomous variables involve three-category or more classification (n), only two or 
(n-1) dummy regressors are introduced in the regression equation. The method for 
specifying the variables involves setting all of them equal to “0” for the reference 
group (or the control group), and then setting a single variable equal to “1” for each of 
the other groups (response groups). These will be summarized below and in Table 3.1. 
 
? Demographic status 
 
Demographic status is measured by gender, age and martial status. Female and male 
will be coded “0” and “1” respectively. Concerning age, it will be divided into three 
age groups with those aged 18-39; those aged 40 to 59 and those aged 60 or above. 
People aged 60 or above will be used as the reference group while the other two 
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groups will be the response ones (more details please refer to table 3.2). For martial 
status, the married will be coded as “0” and other status like single, divorced, 
separated or widowed will be as “1”. 
 
? Socio-economic status 
 
Socio-economic status is represented by education level and employment status. In 
this analysis, secondary and tertiary education or above are classified as high 
education level, coded as “0” while primary level or below are as low, and coded as 
“1”. For employment status, the employed or those who are studying will be coded as 
“0”, and “1” otherwise.  
 
? Lifestyle 
 
Lifestyle is measured by smoking habits. Individuals are asked if they smoke by 
answering either “yes” or “no”. The family smoking status is also concerned which 
participants are asked to choose “no”, “sometimes” and “often”. “0” will be assigned 
to individual and his/her family who do not smoke, and “1” otherwise. 
  
? Housing factors 
 
Housing conditions concerns with the building as a whole and also individual flats. 
Building age, building dampness, indoor air quality, vermin and carpeting are to be 
investigated.  
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Building Age 
 
Building age is the age of the building at the time the questionnaires were collected, 
i.e. 18th December 2004. In this dissertation, the age of buildings will be dummy 
variables. 
 
Building Dampness 
 
Building dampness is measured by water seepage problems from window, ceiling, 
wall, bathroom or sanitary fitment, drainage and water supply pipes inside the flat. It 
is categorized by “no”, “a little” and “serious”. It is coded as “1” if the situation is 
“serious”, and “0” otherwise. 
 
Indoor Air Quality 
 
Indoor air quality is assessed by the air quality in the building, odour (from the 
kitchen, toilet, drainage and refuge) and ventilation inside the flat as well as whether 
the flat is adjacent to busy traffic. The air quality inside the building is classified into 
“poor”, “normal” and “good”. For those rated as “poor”, “1” will be assigned, and “0” 
otherwise. For the odour problems, those who answered “no” or “sometimes” will be 
coded as “0” and “1” for those answered “often”. Ventilation concerns with the 
perception of occupants whether it is “poor, no wind”, “adequate” or “too windy”. “1” 
represents “poor, no wind”, and “0” otherwise. With regard to whether the flat is  
adjacent to busy traffic, it will be coded as “1” if the flat is adjacent to the traffic, and 
“0” otherwise. 
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Vermin 
 
Infestation problems like the presence of insects (for example, mosquitoes, 
cockroaches, ants and flies), mouse or others are asked in terms of “no”, “a few” and 
“many”. “0” in the model will represent “no” and “a few”, and “1” otherwise. 
 
Carpeting 
 
Participants are asked whether or not there is carpet inside their living room and 
bedroom. It will be coded “1” for those who have, and “0” otherwise. 
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Independent Variables Denoted by Coding 
Sex SEX Male: 1 
Female: 0 
AGE1 Aged 18-39: 1 
Otherwise: 0 
Age 
AGE2 Aged 40-59: 1 
Otherwise: 0 
Demographic 
Status 
Martial Status MART Single, divorced, separated, widowed: 1 
Otherwise: 1 
Education 
Level 
EDU Primary or below: 1 
Otherwise: 0 
Socioeconomic 
Status 
Employment 
Status 
EMP Unemployed: 1 
Otherwise: 0 
Lifestyle Smoking 
Status 
SMOK Individual/family who smoke: 1 
Otherwise: 0 
BAGE1 Building age ≤ 20: 1 
Otherwise: 0 
Building age 
BAGE2 Building age > 20 and <41: 1 
Otherwise: 0 
Air Quality in 
common area 
COMAIR Poor: 1 
Otherwise: 0 
Building 
Dampness 
DAMP Presence of serious dampness: 1 
Otherwise: 0 
Ventilation VENT Poor ventilation (no wind): 1 
Otherwise: 0 
Odour ODOUR Presence of odour problem: 1 
Absence or slight odour problem: 0 
Adjacent to 
traffic 
TRAF Adjacent to heavy traffic: 1 
Otherwise: 1 
Vermin VER Presence of serious vermin problem: 1 
Otherwise: 0 
Housing 
Factors 
Carpeting CARP With carpeting: 1 
Otherwise: 0 
Table 3.1 Choice of independent variables and their description 
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3.2.2.3 Variable Selection and Interpretation 
 
The analysis is divided into 2 phases. The first one is conducted to exclude 
non-significant factors, keeping the factors of the highest explanatory values in the 
general model. This starts with the full equation and one variable is successively 
dropped at a time. The variables are dropped on the basis of their contribution to the 
change in the logarithm of the likelihood (least squares in the linear regression case). 
Potential confounders (demographic status, socioeconomic status and lifestyle) are 
also to be investigated. The second phase entailed using a reduced model. Backward 
elimination procedure is adopted. 
 
The relative effect of the independent variables on the predicted probability for the 
dependent variable is reflected by the relative size of each coefficient. Concerning the 
sign of the coefficients, positive sign indicated a direct relationship between the 
independent variables and the dependent variable. On the other hand, negative sign 
denotes the inverse relationship between the two variables. 
 
There exist cases in which confounders and/or interactions are present in the model 
that needed to be adjusted statistically. Confounders described a covariate associated 
with both the dependent and independent variables. When interaction is present, the 
association between the dependent variables and the outcome variable differs, or 
depends in some way on the level of the covariate. An interaction can be added by 
creating a variable that is equal to the product of the value of the two independent 
variables. 22 
                                                 
22 http://www.wiley.com/legacy/products/subject/reference/armitage_sample4.pdf (Assessed 
10-3-2005) 
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3.2.2.4 Judging the Fit of a Logistic Regression Model 
 
The overall fit of a multiple regression model is judged, for example, by using R2 
from the fitted model. No such simple satisfactory measure exists for logistic 
regression. The logistic regression equation attempts to model probabilities for the 
two values of Y (0 or 1), that is the presence of respiratory problems (0 of 1) in this 
dissertation. According to Chatterjee, Hadi and Price (2000), to judge how well the 
model is doing, the number of observations in the sample that the model is classifying 
correctly should be determined. The approach will be to fit the logistic model to the 
data and calculate the fitted logits (that is g(x) in equation (1) shown above). From the 
fitted logits,, the fitted probabilities for each observation will be calculated. If the 
fitted probability for an observation is greater than 0.5, it will be assigned to Group1 
(Y=1), and if less than 0.5, it will be classified as Group 0 (Y=0). The proportion of 
data which is classified correctly can then be determined. A high proportion of correct 
classification will mean the logistic model is working well. In contrast, a low 
proportion will mean poor performance. The cutoff level used in this dissertation will 
be 0.5 which is common and hence is recommended. 
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CHAPTER 4 – RESULTS AND DISCUSSION 
 
In chapter three, the hypotheses and statistical method used are introduced. In this 
chapter, a general description of the results obtained will be given by graphical 
presentation or in table form. This is to give the readers an overview of the data 
collected and to highlight the problems of residential buildings in Hong Kong. 
Followed by that, the data will be analyzed by running the multiple logistic regression 
model with the use of EViews 3.0.  
 
4.1 A General Overview 
 
The number of questionnaires used in this dissertation is 761. In total, persons with 
poor respiratory health comprised of 76% of the participants. Of which about 33% 
perceived the problems to be related to the housing environment. This section will 
demonstrate a general overview of the results obtained.  
 
4.1.1 Personal Factors 
 
Among the participants, the proportion of females was 60%. Concerning the 
percentage of different age groups, 37% and 40% were of age 18-39 and 40-59 
respectively. For martial status, 61% of participants were married. A majority had an 
education level of secondary or above (87%). About half of the people had work or 
were students (53%) and a large proportions of individual and his/her family were 
non-smokers (75%). (Table 4.1) 
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Number of participants  
N % 
Gender   
Male 313 41.13 
Female  448 58.87 
Age Class   
18-39 285 37.45 
40-59 306 40.21 
60+ 170 22.34 
Martial Status   
Married 466 61.24 
Single, divorced, separated or widowed 295 38.76 
Education Level   
Primary or below 102 13.40 
Secondary or above 659 86.60 
Employment Status   
Employed or studying 406 53.35 
Unemployed  355 46.65 
Smoking Status   
Individual and family who do not smoke 567 74.51 
Individual or family who smoke 194 25.49 
Table 4.1 Personal information of participants 
 
In Table 4.2, the number of participants and the number of buildings they lived in 
categorized into building age is shown. The majority of buildings in this study aged 
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21-40 (57%) and with the largest number of participants (58%). Those buildings aged 
20 or below and 41 or above were 25% and 18% respectively. The number of 
participants living in buildings aged 41 or above was the smallest, only 9%. 
 
Number of buildings Number of participants  
N % N % 
Building Age     
-20  27 24.55% 247 32.46 
21-40  63 57.27% 445 58.48 
41+  20 18.18% 69 9.07 
Table 4.2 Number of buildings and participants with respective to building age 
 
4.1.2 Housing Factors 
 
? Building Dampness 
 
In total, 59% of the apartments reported either slight or serious water leakage 
problems from at least one area of window, ceiling, wall, bathroom or sanitary 
fitments, water supply pipe or drainage pipes inside the flats. Wall and window are 
areas with more dampness problems as compared with other locations (Figure 4.1). 
Table 4.3 shows the presence of building dampness of different age groups of the 
buildings. It can be seen that building dampness is more common for older buildings. 
The respective percentage of dampness in building aged below 21, 21-40 and above 
40 is 6%, 9% and 16%. 
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? Infestation Problems 
 
As shown in Figure 4.2, insects like mosquitoes, flies, cockroaches and ants were 
common as reported by the participants. Mice were also present in some buildings. 
About 76% reported the presence of insects and 26% reported the mice problems. 
Other vermin (for example, flea, spider, scolopendra, etc.) constitutes a small portion 
of the problems. Infestation problems are associated with poor hygienic conditions. 
Results concerning the external and internal hygienic conditions (rated by research 
assistant according to the score guidelines in APPENDIX B) were extracted from 
Building Age  
-20 21-40 41+ 
Presence of Dampness 6.07% 8.76% 15.9% 
Table 4.3 Presence of dampness in different building age groups 
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Figure 4.1 Building dampness at different locations of the flats 
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BHHI. Buildings with a hygienic score less than 3 are considered to have 
unacceptable hygienic condition. As shown in Table 4.4, among those buildings 
having low external or internal hygienic score, a large proportion of the buildings 
have insect problems, but a relatively low percentage for the presence of mice or other 
infestation problems. 
 
 
 
 
 
 
 
 
 
 
 
 
Hygiene Condition  
Internal Hygienic 
Score (<3) 
External Hygienic 
Score (<3) 
 
Infestation Problems    
Presence of insects 86% 75%  
Presence of mice 34% 46%  
Presence of other vermin 3% 11%  
Table 4.4 Presence of infestation problems in different hygienic conditions 
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Figure 4.2 Infestation problems perceived by the occupants 
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? Carpeting 
 
It can be seen from Figure 4.3 that the number of participants who put carpet inside 
their living rooms or bedrooms consists of about 9%. Use of carpet is not popular 
among those occupants surveyed. 
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Figure 4.3 Carpeting inside living rooms/ bedrooms 
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? Indoor Air Quality 
 
Figure 4.4 shows the satisfactory of occupants towards the ventilation inside their 
own flat. A majority rated the ventilation as adequate inside their dwelling. There are 
still 14% who reported the ventilation was poor. In total, the percentage of dwellings 
having cross ventilation (refer to APPENDIX C) is 15% and the percentage of the 
occupants perceived poor ventilation was 14%. Among those who perceived the 
ventilation inside was poor, 82% of the dwellings do not have cross ventilation. On 
the other hand, among those who reported adequate ventilation, 14% of those 
occupants have dwellings with cross ventilation (Table 4.5). What implied here is that 
with cross ventilation, only a minority perceived poor ventilation, despite the fact that 
no cross ventilation does not amount to poor ventilation perceived. Hence cross 
ventilation is important. Concerning odour problems, about 66% occupants reported 
at least one source producing odour (that is either from kitchen or toilet or drainage or 
refuge or a combination of them). From Figure 4.5, the odour problems from different 
sources can be seen. Odour from toilet is more common compared with other 
locations. For the air quality in the common area of the building, there are about 14% 
people thought the quality is poor. This is shown in Figure 4.6. Concerning the 
proximity of the building to the traffic, data was extracted from BHHI. It is found that 
40% of the buildings are near to busy road or highway. 
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Figure 4.5 Odour from different sources perceived by occupants 
0
100
200
300
400
500
600
kitechen toilet drainage refuge
sources of odour perceived
nu
mb
er 
of 
oc
cu
pa
nts
never
sometimes
often
0
100
200
300
400
500
600
700
Ventilation inside flat
nu
mb
er 
of
 oc
cp
ua
nts
poor
adequate
too windy
Figure 4.4 Ventilation inside the flat perceived by occupants 
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 With  
cross ventilation 
Without  
cross ventilation 
Poor ventilation 18% 82% 
Adequate ventilation 14% 86% 
Table 4.5 Cross ventilation in relation to perceived ventilation 
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4.2 Multiple Regression Analysis 
 
4.2.1 Phase 1 – Preliminary Analysis 
 
4.2.1.1 Results 
 
In the preliminary analysis, all variables as discussed in chapter 3 will be included. 
The dependent variable is RP. Demographic variables (SEX, AGE1, AGE2, MART), 
socioeconomic status (EDU, EMP), lifestyle (SMOK) and housing factors (BAGE1, 
BAGE2, COMAIR, DAMP, VENT, CARP, TRAFF, VER) will be the independent 
variables. The coefficients of the independent variable and the significant level are 
found by running the software EViews 3.0. The result is shown in Table 4.6. 
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The multiple logistic regression analysis found that some factors are not significantly 
associated with the occurrence of respiratory problems. In total, the percentage of 
participants reported having chronic respiratory disease or respiratory syndromes 
comprised of 76%. Overall, the risk of persons with respiratory problems is 
significant (p≤0.1) among age groups 18-39 (AGE1) and 40-59 (AGE2), relative to 
those aged 60 or above. Those who are smokers or with family who smokes (SMOK), 
damp housing (DAMP), buildings with serious infestation problems (VER) and 
individuals who perceived the air quality in the common area (COMAIR) and the 
Variable Association Variable Association 
SEX 
AGE1 
+ 
+*** 
BAGE1 
BAGE2 
+ 
+* 
AGE2 +** COMAIR +*** 
MART + DAMP +** 
EDU + VENT +** 
EMP + CARP - 
SMOK +*** TRAFF - 
ODOUR + VER +*** 
 
Note: Risk factors that are positively (+) and negatively (-) associated with chronic respiratory 
diseases or respiratory syndromes. *, ** and ***indicate the factors at a significance level of p ≤ 0.1, 
p ≤ 0.05 and p ≤ 0.01 respectively 
Table 4.6 List of independent variables used in the multiple regression analysis and 
the result 
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ventilation inside their own flat (VENT) to be poor are more likely to have respiratory 
problems. The buildings aged 21-40 (BAGE2) are also significantly associated with 
the outcome variable. The signs of the coefficients are as expected and they are found 
to be significant. No significant interaction terms are found in this analysis. 
 
Other variables (SEX, MART, EDU, EMP, ODOUR, CARP and TRAFF) are not 
statistically significant. The signs of CARP and TRAFF are out of expectation. 
 
4.2.1.2 Discussion 
 
For those independent variables which are statistically significant, they will be 
discussed later in next part. 
 
SEX, MART, EDU and EMP are not statistically significant. The four variables are 
positive in sign, showing a direct relationship with the prevalence of respiratory 
problems. Generally, male, those who have good martial status, education level and 
employment status generally are less likely to be unhealthy (Rosenberg and Wilson, 
2001). However, no general agreement can be made of the effects of those factors on 
health. For example, the prevalence of having respiratory problems concerns with the 
gender of a person. Yet, the reason for the gender difference is unclear. It is believed 
that it may be related to the differences in life situations, social roles and exposure 
situations (Stenberg and Wall, 1995). No exact proof nevertheless can be made. 
 
ODOUR, CARP and TRAFF are also found to be not significant. Some of the signs 
are also not expected. Possible reasons are figured out as shown below. 
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The sign of ODOUR, showing a direct relationship with the outcome variable is 
expected. Reason for the absence of a significant impact may be that other variables 
relevant to indoor air pollution could not be used appropriately in the logistic 
regression model. Other indoor pollutant like combustion, for example which may 
affect indoor air quality is not known in this study.  
 
The negative sign of CARP is not expected because previous studies identified that 
carpet can act as a reservoir for dust mites or other micro-organisms and hence trigger 
a higher chance of having poor respiratory health. Nevertheless, it fails to show this 
here. More information on the carpet like the type of carpet, the size, etc. may be 
found as what Lewis, Breysse, Lees, Diener-West, et al. (1998) suggest in a study that 
carpet type can be considered for both allergen avoidance and allergy and asthma risk 
assessment. Temperature and humidity may also be taken into account for further 
investigation in the problem.  
 
The sign of TRAFF is also out of expectation. In previous literature, proximity to 
traffic should also detrimental to respiratory health. However, the negative sign of its 
coefficient fails to show the result. As what Sherman and Matson (2003) points out, 
although typical outdoor air pollutants can have impacts on the indoor environment, 
there are strategies to mitigate that, including building air tightening and pressure 
management, ventilation and air filtration, and contaminant removal. These depend on 
the design of the home, its mechanical systems, the types of pollutants and their 
release and exposure patterns (e.g., short-term, seasonal, long-term). However, these 
are not measured and properly controlled in this dissertation. In another study 
conducted by Ciccone,  Francesco, Forastiere, Agabiti, Biggeri,  et al. (1998). 
Exposure to exhausts from heavy vehicular traffic is successfully found to have 
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several adverse effects on respiratory health of children living in metropolitan areas. 
Questions on traffic included a subjective evaluation of the traffic density in the zone 
of residence; the frequency of passing traffic. The questions are limited to those living 
in houses with windows facing the street. Bias due to subjective assessment is 
unlikely because several data validations were carried out afterwards. However, it is 
the limitation for this study to obtain the data. Future research in this area is needed 
with more specific questions subject to the matter concerned. 
 
4.2.2 Phase 2 – Reduced Model Analysis 
 
It can be seen that in the first phase some variables are not significant. In this phase, 
possible interaction term was identified and some non-significant independent 
variables (p>0.1) were eliminated from the model as long as it does not affect the 
explanatory value of the model too much.  
 
4.2.2.1 Results 
 
The reduced model produced significant explanatory variables at different confidence 
level. AGE1, AGE2, SMOK, BAGE2, COMAIR, DAMP, VENT and VER were 
found to be significant (p ≤ 0.1) (Table 4.7). BAGE1, though is not statistically 
significant (p > 0.1) still includes here because an exclusion of it can affect the 
p-values of other variables. It is believed that the best model produced is as shown in 
Table 4.7. 
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Variable Coefficient Odd Ratio Prob. 
C -0.665369 0.51408 0.0580 
AGE1 0.671751 1.95766 0.0057*** 
AGE2 0.407817 1.50353 0.0736 * 
SMOK 0.706400 2.02668 0.0018*** 
BAGE1 0.361097 1.43490 0.2738 
BAGE2 0.520716 1.68323 0.0913* 
COMAIR 0.700286 2.01433 0.0006*** 
DAMP 1.014050 2.75674 0.0244** 
VENT 0.744344 2.10506 0.0312** 
VER 0.620922 1.86064 0.0023*** 
 
(Note: *p<0.1, **p<0.05, ***p<0.01) 
Table 4.7 Summary of the statistical model excluding non-significant 
variables 
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After substituting the coefficients found in EViews 3.0, the equation is as shown 
below: 
 
g (AGE1, AGE2, SMOK, BAGE2,COMAIR,DAMP,VER,VENT)  
= -0.67 + 0.67AGE1 + 0.41AGE2 + 0.71SMOK + 0.52BAGE2 + 0.70COMAIR + 
1.01DAMP + 0.62VER + 0.74VENT 
 
where 
   
AGE1 = dummy variable which is “1” if people aged from 18 to 39, 
and “0” otherwise 
AGE2 = dummy variable which is “1” if people aged from 40-59, and 
“0” otherwise 
SMOK = dummy variable which is “1” if individual who smoke or 
family members who smoke, and “0” otherwise 
BAGE2 = dummy variable which is “1” if building aged between 21-40, 
and “0” otherwise 
COMAIR = dummy variable which is “1” if the perceived air quality in 
the building is poor, and “0” otherwise  
DAMP = dummy variable which is “1” if serious dampness present, and 
“0” otherwise 
VER = dummy variable which is “1” if serious vermin problems are 
present, and “0” otherwise 
VENT = dummy variable which is “1’ if the perceived ventilation is 
poor, and “0” otherwise 
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The left hand-side of the equation represents the log odds ratio which is a measure 
that approximates how much more likely (or unlikely) it is for the outcome (i.e. 
having respiratory problems) 
 
Overall, the estimated model correctly predicts 76.61% observations. This is 
considerably higher than the base rate of 0.5. The model may be considered as 
working quite well. 
 
4.2.2.2 Discussion 
 
In the following parts, each of the variables will be interpreted in two ways, namely 
the sign of the coefficient and also its significant level. All independent variables in 
the reduced model are significant at different confidence level. Concerning the sign of 
the coefficients, positive sign indicates a direct relationship between the dependent 
and independent variables. Conversely, negative sign means that there is an inverse 
relationship between the two variables. Each of the variables will be interpreted 
below. 
 
? AGE1 and AGE2 
 
AGE1 and AGE2 are statistically significant as shown by their p-value (p ≤ 0.1). The 
coefficient is positive, which suggests that participants of age 18-59 also are more 
likely to have respiratory problems. From the odds ratio, one can see that relative 
those aged 60 or above, those aged 18-39 and those aged 40-59 are 95% and 50% 
more likely to report having respiratory problems respectively. The results do not in 
disagreement with some literature that people younger in age are more likely to have 
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respiratory problems (Lwebugo-Mukasa, Oyana and Wydro, 2004). However, there is 
in fact no consistent agreement generally from the literature of which age group has a 
higher chance of having respiratory problems. There are still some research say for 
the study of SBS, which find no association between age and SBS (Skov, Valbjørn, et 
al., 1987; Norbäck, Björnsson, Janson, Widström and Boman, 1995). 
 
? SMOK 
  
SMOK is statistically significant at the 1% significance level. Individual or family 
members who smoke were found to be highly correlated with the outcome variable. 
The positive coefficient means that SMOK varies directly with respiratory problems. 
Smokers or those with family members who smoke are 102% more likely to have 
respiratory problems. The result is expected because smoke has been identified by 
substantial research to have harmful effect on health. 
 
? BAGE2 
 
The variable is statistically significant at the 1% significance level and the sign is 
positive. Hence the variable has a direct relationship with the presence of respiratory 
problems. People living in buildings aged 21-40 are 68% more likely to have the 
diseases, relative to those living in buildings aged above 40.  
 
The reason for the prevalence remains unclear. It appears in some literature that newer 
buildings concerns more with energy saving and hence building tightness is 
emphasized as discussed in chapter 2. This can bring adverse effect. However, newer 
buildings may have better general ventilation because of mechanical ventilation 
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system. The construction materials used and other emission sources should also be 
factors that needed to be taken into account. The matters may contribute differently 
and hence the prevalence for the presence of respiratory problems at the building age 
shown in this study may need future research. 
 
? COMAIR and VENT 
 
COMAIR is the air quality of the common areas in the building perceived by the 
participants. It is highly associated with the presence of respiratory problems at 1% 
significance level. The positive coefficient is interpreted as a direct relationship 
between the variable and the presence of respiratory problems. People who perceived 
bad air quality in the common areas are 101% more likely to report poor respiratory 
health. 
 
VENT is statistically significant at the 5% significance level. It also shows a positive 
sign, implying that people reported a poor perception of indoor ventilation are more 
likely to have poor respiratory health (110% more likely). 
 
The two variables fit to the expected result and are consistent with the literature 
discussed before. Hence, good air quality in the common area and good ventilation 
inside the flat are found to be important for respiratory health. 
 
? DAMP 
 
The variable shows the effect of building dampness on the respiratory health of 
occupants. The sign is positive and is statistically significant at the 5% significance 
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level. It is interpreted that the presence of building dampness and respiratory 
problems are in direct relationship. People who live in damp housing are 176% more 
likely to develop respiratory problems.  
 
The results agree with previous studies. For example Brunekreef et al. (1989) who 
conducted surveys on children in America found significant association between 
measures of home dampness (a measure of the problems of water collecting in the 
basement floor, any water damage, mould on any surface) and respiratory symptoms. 
In another study by Dales et al. (1991) on adults in Canada, it is identified that 
prevalence of cough, phlegm, wheeze is higher among those reporting dampness 
(mould sites, wet or damp spots appearing in past years, flooding in the past year). 
 
However, in this study, other signs of dampness are not measured such as 
condensation problem, visible mould growth, air humidity and so on. This may have 
caused an underestimation of the true prevalence of building dampness. Further 
research is needed to clarify and include more indicators of building dampness. 
 
? VER 
 
The sign of VER is positive and it is significant at the 1% confidence level. This 
means buildings with serious infestation problems pose detrimental effect on 
occupants’ respiratory health. The likelihood for people to have respiratory problems 
is 86% higher. The reasons have been discussed in chapter 2. 
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CHAPTER 5 – CONCLUSION 
 
In this dissertation, literature has been reviewed on the relationship between housing 
and health, with specific focus on respiratory problems. Data from the health 
questionnaire and also the BHHI conducted by the Faculty of Architecture, the 
University of Hong Kong was used. A regression model was developed and tested 
against the set of data. This chapter will conclude the previous findings by restating 
the objectives, discussing of relevant results and possible implications. Limitations of 
this study will also be pointed out for further research.  
 
5.1 Review of the study 
 
The housing environment is an important issue on health that this dissertation 
addressed. It is not just about building design or technical installations, but is directly 
influenced by environmental perceptions and behaviour of the occupants. Health is a 
complex issue. Previous literature reviews demonstrate that identifying a relationship 
between housing and health is complicated. Carrying out such an analysis requires an 
appropriately complex data set that simply does not exist (Carr-Hill, 1997). No 
general consensus so far is agreed on the cause and effect relationship of housing and 
health. The findings in this study not only highlight the prevalence of housing 
problems in Hong Kong, but also identify the associations between home environment 
and respiratory health. 
 
Results in this study shows that respiratory problems (chronic respiratory diseases and 
respiratory syndromes) are common in Hong Kong. People aged 18-59, smoking, 
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buildings aged 21-40, damp housing, ventilation, air quality and vermin problems are 
significantly associated with the prevalence of respiratory problems. The results do 
almost confirm our hypotheses and are in agreement with previous literature reviews.  
 
5.2 Implications  
 
The findings have some important implications. Firstly, the risk factors have been 
consistently shown to be determinants of health in numerous studies, including 
demographic status, socio-economic factors, lifestyle as well as housing 
characteristics. This is crucial because the factors that may affect respiratory health 
vary internationally and a confirmation of those factors with specific to the situation 
in Hong Kong has its importance. The housing issues that addressed to be related to 
respiratory health should be paid attention at and specific action or measures should 
be taken to ease the housing problems.  
 
As can be seen in the data, the problems of water damage and infestation are common 
in Hong Kong, especially in older buildings. Hence appropriate actions should be 
done in response to this. Proper building management and maintenance are important. 
Perceived ventilation inside the flat and air quality in the common areas are also 
important. Cross ventilation is advantageous and should be taken into account in 
future building design. Common air quality should also be kept satisfactory. Odour, 
carpeting and traffic, although surprisingly, do not show a significant relationship with 
respiratory health, past literature reviewed do demonstrate their negative impact and 
this study does subject to some limitations in the areas concerned. Further 
investigation may be necessary to have a clearer clarification. 
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5.3 Limitations of the Study 
 
? Data set 
 
In total, there are 761 sets of data used in this study. Compared with other research on 
housing and health worldwide, the sample size is not large enough to investigate this 
complicated issue. Besides, the sample is only focused on the area of Yau Tsim Mong. 
Other areas are not investigated. Hence, this may not provide a very precise overview 
of the situation in Hong Kong. Due to limited time and resources, the problems cannot 
be solved. 
 
? Content of Questionnaires 
 
The health questionnaire used is a general one on health and housing, but not 
specifically addressed the respiratory health problems which this study is concentrated 
in. Hence questions like mould problems and other indicators of building dampness, 
the mechanical ventilation, air humidity, temperature are not asked. 
 
5.4 Areas of Further Research  
 
As mentioned, the areas of research for this dissertation are only on Yau Tsim Mong, 
if other areas can also be surveyed, this can provide a wider view and will provide a 
better overview of the situation in Hong Kong. With a larger sample size, the results 
on the relationship between housing and health will be more accurate as other factors 
on demographic status, socioeconomic status and others can be better controlled, and 
confounders can be better elucidated. 
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Besides, more specific questions should be developed if specific health status is to be 
focused on. In this dissertation, a general term “respiratory problems” is used. 
Nevertheless, it can be further divided into asthma, bronchitis and so on. If detailed 
study can be conducted on all these problems, a clearer understanding can be 
established on the relationship between respiratory health and housing. Besides, as 
discussed before, further information concerned should be obtained. 
 
In this dissertation, only respiratory health is addressed. In fact, there are other health 
statuses like mental health, social health. Further research on this may help provide a 
whole picture of housing and health in Hong Kong. 
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Health Questionnaire 
 
 
 
 
 
尊敬的油尖旺區住戶： 
居住環境及住戶健康問卷調查 
為了提高香港市民的整體健康水平，香港大學建築學院和醫學院正進行一項學
術研究，探討居住環境和住戶健康的關係。是項研究需要收集大量有關居住環境和
住戶健康的資料，我們因此以隨機抽樣方式選出油尖旺區約二百座大廈的住戶接受
問卷調查，其中包括閣下。 
我們調查的對象為平日逗留在家中時間最長的成年住戶。我們懇請閣下能選出
一位留在家中時間最長的成年人填寫此份問卷。問卷的內容絕對保密，只供研究之
用。 
請閣下利用附上的回郵信封﹝已預付郵費﹞寄回填妥的問卷。如果閣下於2004
年12月18日或之前寄回填妥的問卷，將獲發港幣20元正的超級市場購物券乙張*，
以表謝意。 
如有疑問，可致電 2859 2128 聯絡本人。 
不情之請，尚祈協助。 
 
 
香港大學建築學院副教授 
 
 何志榮博士 謹啟 
 
 2004 年 11 月 10 日 
 
 
附件：(1) 問卷；(2) 回郵信封 
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甲部：個人背景 
 
1) 性別： 1.  ○ 男     2. ○ 女 
2) 年齡： 1. ○ 18–29 歲 2. ○ 30–39 歲 3. ○ 40–49 歲      
 4. ○ 50–59 歲 5. ○ 60–69 歲 6. ○ 70 歲或以上 
3) 教育程度： 1. ○ 小學或以下 2. ○ 中學 3. ○ 大專或以上 
4) 就業情況： 1. ○ 在職 2. ○ 待業 3. ○ 退休      
 4. ○ 主婦 5. ○ 學生 6. ○ 其他， 請說明：_______ 
5) 婚姻狀況： 1. ○ 單身 2. ○ 已婚 3. ○ 同居 
 4. ○ 喪偶 5. ○ 已分居或離婚 
6) 你在現時的單位居住了多少年？   ____ 年 
7) 有多少人與你同住？   ____ 人﹝包括你自己﹞ 
 
乙部：生活習慣 
 
8) 一般而言，你平日逗留在家中的時間為﹝可填寫多於一個時段 ﹞： 
時段 1： 上午/下午 ________ 時   至  上午/下午 _______ 時， 
時段 2： 上午/下午 ________ 時   至  上午/下午 _______ 時， 
時段 3： 上午/下午 ________ 時   至  上午/下午 _______ 時， 
時段 4： 上午/下午 ________ 時   至  上午/下午 _______ 時。 
 
9) 你有吸煙的習慣嗎？ 
 1. ○ 沒有 2. ○ 有：每天 ____ 支 
10) 你的家人有吸煙嗎？ 
 1. ○ 沒有 2. ○ 間中 3. ○ 經常 
11) 你有酗酒﹝豪飲﹞的習慣嗎？ 
 1. ○ 沒有 2. ○ 有 
 
丙部：健康狀況 
 
12) 你平均一年患傷風或感冒的次數為： 
_______ 次 
13) 你平均一年因病﹝不包括長期病患﹞看中醫或西醫的次數為： 
_______ 次 
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14) 過去一年，你因病入醫院留醫的次數為： 
_______ 次 
15) 你有失眠嗎？  
 1. ○ 沒有 2. ○ 間中 3. ○ 經常 
16) 你有沒有經西醫診斷患有以下任何疾病？﹝可選擇多於一個答案﹞ 
○ 慢性胸肺疾病﹝如：哮喘、鼻敏
感、支氣管炎、肺結核﹞ 
○ 沒有 
○ 癌症 ○ 糖尿病 
○ 心臟病 ○ 高血壓 
○ 腦血管病 ○ 抑鬱病或神經衰弱 
○ 慢性的關節或風濕病 ○ 其他：________ 
 
17) 你認為你所患的慢性胸肺疾病與居住環境有關係嗎？ 
 1. ○ 沒有患上 2. ○ 沒有關係 3. ○ 有關係 
18) 逗留家中時，你有感到以下的不適嗎？你認為這些不適與你的居住環境有關係嗎？ 
 逗留家中時  與你的居住環境關係 
  沒有 間中 經常  有關係 無關係 
        
1. 眼部不適 
 ﹝如：流眼水﹞ 
 ○ ○ ○ ? ○ ○ 
2. 鼻部不適 
 ﹝如：流鼻水、打噴嚏﹞ 
 ○ ○ ○ ? ○ ○ 
 
3. 喉嚨不適 
 ﹝如：咳嗽、喉嚨痛﹞ 
 ○ ○ ○ ? ○ ○ 
4. 頭部不適 
 ﹝如：頭痛、頭暈﹞ 
 ○ ○ ○ ? ○ ○ 
5. 皮膚不適 
 ﹝如：敏感、乾燥﹞ 
 ○ ○ ○ ? ○ ○ 
6. 身體疲倦 
 
 ○ ○ ○ ? ○ ○ 
  
19) 過去一年，你有否在大廈的公用地方﹝如：樓梯或大堂﹞ 發生過意外﹝如：拌倒、滑倒
或被剝落石屎擊中﹞？ 
 1. ○ 沒有 2. ○ 有 
20) 總括來說，你認為你的身體健康嗎？ 
 1. ○ 極不健康 2. ○ 不健康 3. ○ 一般 
 4. ○ 健康 5. ○ 十分健康  
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丁部：居住環境 
 
21) 你滿意你居住大廈的狀況嗎？ 
  不滿意 一般 滿意  
1. 樓梯/大堂衞生  ○ ○ ○  
2. 空氣質素  ○ ○ ○  
3. 食水水質  ○ ○ ○  
4. 樓宇結構及保養  ○ ○ ○  
 
22) 你大廈的設施會突然停止服務嗎？ 
  不會 間中 經常 不適用 
1. 停電  ○ ○ ○  
2. 無食水  ○ ○ ○  
3. 無沖厠水  ○ ○ ○ ○ 
4. 壞　 (升降機)  ○ ○ ○ ○ 
 
23) 你所住的單位內有失修的問題嗎? 
  沒有 輕微 嚴重  
1. 窗戶滲水  ○ ○ ○  
2. 天花滲水  ○ ○ ○  
3. 牆身滲水  ○ ○ ○  
4. 浴室或潔具滲水  ○ ○ ○  
5. 屋內食水管漏水  ○ ○ ○  
6. 屋內污水管漏水  ○ ○ ○  
7. 石屎剝落  ○ ○ ○  
 
24) 你大廈有蚊蟲滋生的問題嗎？ 
 沒有 輕微 嚴重  
1. 昆蟲﹝如：蚊/烏蠅/曱甴/蟻﹞ ○ ○ ○  
2. 老鼠 ○ ○ ○  
3. 其他，請說明：________ ○ ○ ○  
 
25) 你在家中會嗅﹝聞﹞到臭味或異味嗎？ 
來源  沒有 間中 經常 
1. 廚房  ○ ○ ○ 
2. 廁所  ○ ○ ○ 
3. 排污渠  ○ ○ ○ 
4. 棄置垃圾  ○ ○ ○ 
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26) 你在家中會受到噪音滋擾嗎？ 
來源 不會 間中 經常 
1. 大廈內﹝如: 鄰居或水渠﹞ ○ ○ ○ 
2. 大廈外﹝如: 汽車聲﹞ ○ ○ ○ 
 
27) 你家中的陽光充足嗎？ 
 1. ○ 不足 2. ○ 適中 3. ○ 太光 
 
28) 你家中的空氣流通嗎？ 
 1. ○ 翳焗﹝無風﹞ 2. ○ 適中 3. ○ 太大風 
 
29) 你家中客廳或睡房有地毯嗎？ 
 1. ○ 沒有 2. ○ 有 
30) 總括來說，你滿意你的居住環境嗎？ 
 1. ○ 極不滿意 2. ○ 不滿意 3. ○ 一般 
 4. ○ 滿意 5. ○ 十分滿意  
 
戊部：聯絡 
 
為了通知閣下領取購物券的安排以及核對有關資料，我們希望閣下能留下姓名、聯絡電話及
電郵地址，以方便我們聯絡。 
 
 
姓名：_________________ 
 
電話：_________________ 
 
E-mail: _________________ 
 
 
 
問卷完畢﹐多謝合作！ 
 
閣下請利用附帶的回郵信封﹝已預付郵費﹞寄回填妥的問卷 
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Appendix B 
Rating scale of Internal and External Hygiene Conditions 
 
Rating scale for the visual internal and external hygiene conditions 
Rating  Description 
5 Hygienic  Clean and tidy, free from the below problems 
4 Above average Presence of covered rubbish bins with only a 
few littering 
3 Acceptable Presence of rubbish bins but uncovered with 
some littering, non-slippery or sticky floor 
2 Below average Absence of rubbish bins with littering, presence 
of stagnant water, slippery or sticky floor 
1 Unsanitary Accumulation of rubbish, presence of bad 
smell, obvious pest problems 
 
Note:  
? Internal areas include entrance lobby, lift lobbies, interior of lifts, staircases, 
corridors. 
? External areas include lightwells, podium/canopy, roof, adjacent service lane and 
external environment. 
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APPENDIX C 
Cross Ventilation (PNAP 278) 
 
Where cross ventilation is provided, the requirements on the openable area of the 
window and the restriction as set out in B(P)Reg. 32 on the depth of the room are 
relaxed as follows: 
a) the aggregate size of the primary opening(s) shall not be less than 2% of the usable 
floor area of the room;  
b) the aggregate size of the secondary opening(s) shall not be less than 2% of the 
usable floor area of the room; and  
c) the depth of the room from the primary opening may be extended to a maximum of 
12 m. 
